the Ca nutrition of an apple is best if fertilizers are applied through soil, i.e., the plant's root system, primarily for easier uptake of Ca from root surface, and there are two basic ways in which calcium ions make contact with the root surface for plant uptake: root interception and mass flow [2] [3] . The advantage of apple nutrition through the application of Ca fertilizers through soil is also that the apples needed for Ca are rather high and can be settled with difficultly solely by nutrition through the leaf [4] . However, in conditions when quick reaction is needed (for example when symptoms of Ca deficiency have already been noticed on apple), then foliar application of Ca has priority.
The basic advantage of foliar nutrition is that this method of application enables rapid efficiency of applied nutrients, since they are supplied directly to places where they are needed. The negative side of foliar nutrition is that Ca mobility through plant cells of leaves and fruits is very limited, resulting in the plant part not included by foliar treatment will not accumulate Ca [5] . Many scientists agree that Ca foliar nutrition has its place in plant nutrition, especially in conditions when possibilities of Ca uptake via root are very limited, for example in extremely acidic soils where the possibility of Ca binding to an adsorption complex of soil is significantly limited or in soils with high potassium and magnesium concentration that have an antagonistic relationship with Ca [6] [7] . The main objective of this research was to examine the impact of Ca fertilizer application methods on its accumulation in leaves and fruits of the cv. 'Idared' apple grown in agroecological conditions of the Gorazde area. An additional objective of this research was to examine the impact of calcium fertilizer application methods on content of phosphorus (P) and potassium (K) in apple fruits and on quality parameters of apple fruits, sugar content or total soluble solids (TSS), acidity, and firmness.
Material and Methods
The experiment was conducted in 2015 in the orchard of the Agropodrinje apple introduction centre in the Gorazde area, and the tested plot implied a row of fruit trees that included 10 apple trees grafted on the same rootstock (M 9 ) and of the same age (8 years). Cultivation form (slender spindle), as well as planting distances (1.3 m x 3.5 m) on all experimental plots of the tested site were identical.
Calcium fertilizers used in this research were FolifertilCa, calcium ammonium nitrate (CAN), and calcium oxide (CaO). Folifertil-Ca is a liquid foliar fertilizer that contains 8% nitrogen and 15.9% calcium. In accordance with manufacturer's instructions it is applied diluted with water at a concentration of 0.5% for apple trees. CaO, also known as burnt lime, contains approximately 50-70% Ca, depending upon its source, while calcium-ammonium nitrate or CAN contains 8% calcium and 27% nitrogen.
Quantities of fertilizers that were added on studied plots were determined based on results of chemical analysis of soil, plot size, and calcium fertilizer application method.
Soil acidity was determined by pH meter, humus content by sulfochromic oxidation method, the content of available forms of potassium and phosphorus by using the AL method, and CaCO 3 content of soil using a Scheibler calcimeter [8] [9] [10] [11] .
The results of soil analysis showed that experimental soil is neutral, with a medium content of available phosphorus and a high content of available potassium (Table 1 ). In accordance with these results the following recommendations were given and carried out identical to all plots: 400 kg/ha NPK 5.20:30 as part of the autumn fertilization and 100 kg/ha urea and 200 kg/ha NPK 15:15:15 as part of fertilization during the growing season. Foliar treatment with microelement fertilizer (Folifertil B) was carried out before flowering.
A recommendation for calcium fertilization was also given, and it was conducted as part of the experimental trial.
The experimental trial was laid out in a randomized block design with four variants of calcium fertilizer application in three replications: -Variant 1: control variant. The application of Ca fertilizers, CAN, and CaO was performed through soil in the beginning of vegetation, while foliar treatment with Folifertil Ca was performed at the beginning, middle, and end of apple vegetation. Leaves and apples were collected at the stage of apple commercial maturity. TSS of apple was determined by refractometry, acidity by titrating with a standard solution of NaOH with phenolphthalein as an indicator, and fruit firmness by a penetrometer model FT 327 [12] [13] [14] . The content of Ca, K, and P in the plant materials were determined by atomic absorption spectrophotometry (AAS Shimadzu 7000 AA), according to the instructions specified in the ISO 11047 method, after their extraction from dried leaves and fruits with nitrate (HNO 3 ) and sulphuric acid (H 2 SO 4 ) [15] [16] . The data obtained were subjected to standard methods of the analysis of variance (ANOVA) and multiple tests (LSD 0 Results and discussion Table 2 shows the content of Ca, P, and K in examined samples of plant material.
Data presented in Table 2 show that in all variants, Ca content in apple leaves and fruits were higher in comparison to control variant. The highest Ca content in apple leaves and fruits was determined in variant 4, where the method of Ca fertilizer application implied a combination of application of CAN through soil and Folifertil Ca treatment through leaves, and then in variant 3 where Ca fertilizer was applied exclusively through soil. In variant 2, where fertilizer was applied only through leaves, Ca content in leaves and fruits was considerably lower, from which can be concluded the fact that nutrition through soil contributes more to the accumulation of Ca in apple fruits, and which is compatible with results of many studies that have examined this issue [17] [18] . The main advantage of Ca nutrition through soil is that the Ca present in soil as divalent cation (Ca 2+ ) easily enters the root apoplast along with mass flow of water and follows apoplastic or symplastic pathways to the xylem [19] , while Ca nutrition through the leaf is complex and depends on many factors, primarily on morphological and anatomical characteristics of leaves and forms of Ca fertilizers. The efficiency of Ca nutrition through leaves also depends on the mobility of Ca in the plant. As opposed to most macronutrients, Ca has low mobility within the plant, especially from leaves to fruit [20] . In accordance with this fact it is important that Ca nutrition through leaves is carried out by direct treatment of fruits with a Ca fertilizer containing more readily absorbable forms of Ca, such as Ca(NO₃)₂ or CaCl₂ [21] [22] .
A positive effect of the application of Ca fertilizers on Ca content of apple fruits is the method of application that includes foliar treatment with 1% Ca(NO₃)₂ and 0.5% CaCl₂ as reported by Moor et al. [23] . However, the use of foliar fertilizers containing a much higher Ca concentration would disturb the osmotic equilibrium within leaf cells, and that would have a negative impact on the functions of plant tissue. This problem is seen as the key deficiency of Ca nutrition through leaves because the need for Ca is considerably higher than their concentration that can be placed in the foliar fertilizers without toxic effects on the leaves. Table 2 data also showed that Ca content was several times higher in leaves in relation to apple fruits regardless of examined variants. The cause thereof is Ca transport dependence on transpiration intensity; plant parts that have higher transpiration intensity (leaves) also uptake Ca considerably more, while plant parts with lower transpiration intensity (fruit) have weaker Ca uptake, which consequently also leads to higher differences in Ca accumulation between apple leaves and fruits [24] .
Dayod et al. [25] also found that Ca deficiencies are often manifested in plant tissues that have low relative rates of transpiration (fruit) compared with other parts of the plant, which clearly highlights the role of transpiration in the supply of Ca 2+ .
Interesting data in this research showed no great difference in Ca content of apple fruits between examined variants, although that difference was more than obvious when the subject of examination was calcium content in apple leaves. The reason for this can also be attributed to Ca transport dependency on transpiration intensity. Namely, as fruit ripens, the transpiration stream in fruits is lower so that Ca mobility in apple fruits is weaker, due to which differences in calcium content between fruits in examined variants are lower. Contrary to fruits, the leaves conduct transpiration intensively during their entire development, and thereby Ca uptake is more, so it is also to expect bigger differences in Ca content in apple leaves between examined variants, which is confirmed as well by results of this research..
Ca also has a very important role in increasing fruit storability. It is considered that apple fruits have good storage ability if they contain Ca in amounts above 4.5 mg/100 g of fresh fruit [26] , and in the present study that was achieved in variant 4, where Ca content in apple fruit amounted to 7.64 mg/100 g of fresh weight. In other variants of experiment Ca content in apple fruit was very close to limited value, which indicates that apple fruits meet or are very close to meeting previously specified criterion.
Apart from Ca content, the storage ability of apple fruits significantly depend on the content of other macroelements: primarily on P and K in apple fruits [27] . If the P content of apple fruits falls below the value of 9 mg/100g of fruit, there is also a big danger of bitter spots occurring, especially in conditions when Ca content in apple fruits is very low [28] . In the present study values below 9 mg/100g of fruit were not determined in any experimental variants, so that from this aspect, apple fruits in this study can be considered fruits with satisfactory storage ability. Contrary Table 2 . Ca, P, and K content in examined samples of plant material (leaves and fruits).
to Ca and P content, high K content in apple fruits is not desirable, more specifically a high ratio between K and Ca is not desirable in fruits. It is considered that apple fruits storage ability is significantly lower if K and Ca ratio in apple fruits is above 30:1 [29] , which was not determined in this research in any experimental variants. Average values of examined quality parameters of apple fruits depending on Ca fertilizer application methods are presented in Table 3 .
From data presented in Table 3 it can be seen that variant 4 had the biggest impact on apple fruit firmness increase, in which Ca was applied in combination with the application of KAN through soil and Folifertil Ca through leaves, and that it was statistically considerably higher in relation to all other variants of the experiment. The apple fruits firmness in variant 2, where Folifertil Ca was applied through leaves, and in variant 3, where CaO was applied through soil, was higher in relation to fruit firmness in the untreated variant, but that increase was not statistically justified. The specified data show that fruits with higher Ca content also have higher firmness than what was expected since the Ca is important for stability of membrane and plant cell wall. Namely, calcium is vital for firmness of apple fruit, being involved in the formation of calcium pectinates and oxalates that provide firmness of cell walls and membranes. When these parts are weakened, there is an uncontrollable loss of water, which contributes to fruit decay [30] . Positive correlation among the application of Ca fertilizers and fruit storage ability has been conformed in results of many scientific studies [31] [32] [33] . Table 3 data also show that in the present study there was no statistical difference in TSS and acidity of apple fruits between examined variants. The obtained results are in the same trend with the findings of Wójcik and Borowik [34] , who reported that TSS content and acidity in apple fruit were not significantly influenced by the application of Ca fertilizers.
conclusions
The results of this study support the fact that Ca uptake by plant roots and its transport to leaves and fruits are directly affected by a plant's transpiration rate.
This fact suggests that in apple cultivation it is better if calcium fertilizers applied through soil or in combination with foliage treatment. Ca fertilizers applied exclusively through leaves can also significantly contribute to better supplying fruits with calcium, as compared to the control variant, but in this method of application it is necessary to treat the fruit itself since the mobility of calcium through a plant cell of fruit is very limited.
All methods of application of Ca fertilizers had a positive effect to improve apple firmness, but only in variants where Ca was applied in combination with the application of CAN through soil and Folifertil Ca through leaves, which gave a statistically significant result.
In the present study the sugar content and acidity of apple fruit did not differ significantly, regardless of the method of application of calcium fertilizers. Table 3 . Average values of quality parameters of apple fruits.
